We examine the scenario of a warped extra dimension containing bulk SM fields in light of the observed diphoton excess at 750 GeV. We demonstrate that a spin-2 graviton whose action contains localized kinetic brane terms for both gravity and gauge fields is compatible with the excess, while being consistent with all other constraints. The graviton sector of this model contains a single free parameter, once the mass of the graviton is fixed. The scale of physics on the IR-brane is found to lie in the range of a ∼ few TeV, relevant to the gauge hierarchy. There remains significant flexibility in the coupled gauge/fermion KK sectors to address the strong constraints arising from precision measurements.
The large disparity between the electroweak and 4-dimensional scale of gravity has served as inspiration for numerous theories of physics beyond the Standard Model (SM), as well as for corresponding experimental searches, for several decades. One appealing possibility is that this hierarchy is generated by the geometry of additional spacial dimensions [1] , with a promising scenario based on gravity being localized in a warped extra dimension [2] . The principle signature [3] of the warped geometry scheme is the production of Kaluza-Klein (KK) resonances at high-energy colliders.
The ATLAS and CMS collaborations have recently reported an excess in the diphoton invariant mass spectrum at 750 GeV in both of the 8 and 13 TeV data sets [4, 5] . While the global significances of these excesses are not (yet) large, being of order 2σ for each data set, the presence of an excess in each of these separate collections of data is striking. The observed cross section for this excess differs between the two experiments, with the AT-LAS 13 TeV data preferring larger cross sections of order ∼ 9 − 10 fb, while the CMS 13 TeV data favors lower values of ∼ 3 − 5 fb. The 8 TeV data sample for both collaborations is found to be consistent with the CMS 13 TeV results. A useful statistical discussion [6] of the various analyses indicates a slight preference for the lower cross section. The possibility that this is the new physics holy grail we have been seeking has sent the theoretical community into a frenzy [7] . Few of these works [8] have seriously considered the prospect of a spin-2 resonance as the source of the excess, and all of these efforts suggest some tension with data. In this paper, we demonstrate that a realistic scenario can be constructed with a warped extra dimension that is naturally consistent with the observation of a diphoton resonance at 750 GeV, while satisfying constraints from other data.
This theoretical framework is based on a slice of AdS 5 spacetime bounded by two 4-dimensional Minkowski branes with the 5 th dimension, denoted by y = r c φ being bounded by the UV-or Planck(IR-or SM) brane sitting at y = 0(πr c ). The associated 5-D metric is
The warp factor is represented by the exponential and the parameter k, of order the Planck scale, governs the degree of curvature of the AdS 5 space. The relation M th dimension is specified by the warp factor, and is given on the IR-brane by Λ π = M P l with = e −krcπ . Assuming Λ π a few TeV to characterize the electroweak scale on the IR-brane sets kr c 11 − 12. (Here we take this to be 11.27 .) It has been demonstrated [9] that this configuration can be stabilized without the fine tuning of parameters. The gauge hierarchy is thus naturally established by the warp factor ∼ 10 −(15−16) .
The simplest picture places all the SM fields on the IR-brane, with only gravity propagating in the extra dimension, and is governed by only two parameters Λ π and the ratio k/M P l . After compactification, the mass of the n th KK graviton state is m
n being the roots of the Bessel function J 1 . The coupling strength for each graviton KK excitation is Λ −1 π [3] . In this scenario, the graviton interpretation [8] of the diphoton excess has been shown to be in tension with the 8 and 13 TeV LHC searches for new states in the dilepton channel. This is because universality of the graviton couplings leads to the requirement that B(G 1 → e + e − ) = 0.5B(G 1 → γγ) with the corresponding scaling of the cross section. Thus with the γγ production rate being fixed by the observation of the diphoton excess, the predicted dilepton production rate lies uncomfortably close to or above the observed 8 and 13 TeV limits [10] .
The additional dimension is small enough that the SM gauge fields [11] and fermions [12] are allowed to propagate in the bulk; this scenario has attractive modelbuilding features such as the potential to (at least partially) explain the fermion mass hierarchy. In this case the masses of the gauge KK states are governed [11] by the roots of the equation When the SM fermions also reside in the bulk, additional parameters (m i = kν i or = −kc i ) are introduced corresponding to the bulk fermion masses; these parameters determine the fermion wavefunction localization. As the Higgs-boson is kept on or near the IR-brane, a consistent picture emerges if light flavor fermions are localized near the UV-brane and the third generation quarks are localized on or near the IR-brane. This scenario is severely constrained by precision electroweak data. However, judiciously enlarging the gauge symmetry to, e.g., the Left-Right Model (LRM), provides [13] a custodial isospin symmetry in the bulk that protects the ρ parameter. In this scenario constraints from precision measurements, even with the presence of the custodial symmetry, still require the first gauge KK states to be heavier than ∼ 3 − 4 TeV [14] , which in turn pushes the first graviton KK state to be even heavier.
While this scenario paints a nice picture by simultaneously solving the gauge and fermion hierarchies, one more ingredient is needed to make contact with the recently observed 750 GeV excess -the introduction of brane localized kinetic terms(BLKTs). It has been shown [15] that such terms naturally arise from quantum effects. The phenomenological consequence of such terms is to modify the spectrum and couplings of the graviton [17] and gauge [18] KK states.
To fix our scenario, we will examine a simplified case where the graviton, gluon, photon and transverse W and Z fields propagate in the bulk while the third generation quarks are localized on the IR-brane together with the Higgs and the longitudinal components of the W and Z, i.e., the Goldstone bosons. The graviton and gauge fields have BLKTs on both branes. As shown in the third paper in Ref. [12] , once all the light fermions are localized with ν = −c < ∼ −1/2 (which we assume) they essentially decouple from the KK gravitons, so we have no need to specify their localization further as far as the KK gravitons are concerned, however we will return to this issue below. This localization also implies that the G 1 decay into dilepton pairs will be very highly suppressed. The 5-D gravitational action is now given by
where γ 0,π represent the kinetic terms for the branes located at φ = 0, π and naturally take on values of order 10 when this model addresses the gauge hierarchy. The corresponding generic 5-D gauge action can be written as
with δ 0,π being the gauge field BLKTs. Here, for simplicity, we will assume that all of the SM gauge fields have common values for the kinetic terms although this need not be the case; this has the consequence that KK graviton decays into the Zγ final state will be absent. We note that the absence of gauge (graviton) ghosts requires δ 0 + δ π > −πkr c (γ 0 > −1/2) while the absence of radion ghosts requires γ π < 1, and we will respect these constraints below. In the presence of BLKTs, the masses of the graviton KK states are found [17] to be governed by the roots of
with small terms ∼ O( 2 ) being dropped. The KK masses are now functions of γ π , being given by m
Note that the graviton KK mass spectrum is independent of the BLKT on the UV-brane, γ 0 , up to terms suppressed by warp factors. Here, we identify G 1 with the 750 GeV excess.
The presence of BLKTs modify the couplings of the graviton KK states to both bulk zero-mode gauge fields and IR-brane localized fields. This leads to an overall suppression of these couplings by a factor of
In addition, the couplings of the G n to the transverse zero-mode gauge fields in the bulk are modified by an additional factor of [12, 16] 
We will primarily be interested in δ ≡ δ 1 > 0 in what follows. For the simplicity of argument, we will initially ignore the gauge BLKT contributions to this expression, i.e., we take δ 0,π = 0 for now, and return to their influence below. The partial widths for the first graviton KK state decays into SM fields, as functions of δ, are now easily calculated using the expressions in Ref. [8] for the IR brane fields (all scaled by overall factors of λ 2 1 ) and Ref. [19] for the various gauge field polarizations (which also include overall λ 2 1 factors). The branching fractions, which are independent of the value of λ 1 , are shown in the top panel of Fig. 1 . Here we see that these branching fractions vary significantly with δ: For small values, decays to IR-brane fields are dominant while decays to the bulk gauge fields become more important as δ increases. A sizable value of B(G 1 → γγ) is necessary to reproduce the observed excess, thus requiring a respectable value for δ. We note that if γ π = 0, we obtain δ = (4πkr c )
0.007 which is far too small. Clearly δ 0.5, or larger, is required (which we take as our benchmark for purposes of demonstration) to obtain an adequate branching fraction. The graviton branching fractions are tabulated in Table I for this benchmark value. (Fields associated with any custodial symmetry are assumed to be too massive to appear in the decays of a 750 GeV state.)
Noting that δ is purely a function of x 1 is realized when the brane term γ π −7.652, thus fixing this quantity for the remainder of this discussion. Employing these results we find that λ 1 0.025(1 + 2γ 0 ) 1/2 . The partial widths for G 1 decays to SM fields now become calculable and are also given in Table I in units of
GeV .
(7) Armed with the G 1 branching fractions for this scenario, we next compute its production cross section at the √ s = 8 , 13 TeV LHC. For purposes of demonstration, we will take the 13 TeV diphoton excess cross section to be 5 fb in our numerical analysis. Since the graviton couplings to light quarks are effectively absent due to the fermion localizations, the graviton is produced solely via gluon-gluon fusion. We find the rate for G 1 production and subsequent decay into diphotons to be σ γγ = 4.86 fb (1 + 2γ 0 )/25 (5 TeV/Λ π ) 2 at √ s = 13 TeV. Clearly a correlated range of (γ 0 , Λ π ) near these default values will reproduce the observed cross section. Note that taking Λ π = 5 TeV corresponds to a value of k/M P l = 0.029, similar to those previously considered in studies of warped geometries. Λ π ∼ 5 TeV is also remarkably close to the desired value to explain the hierarchy! We further note that the G 1 state is extremely narrow, i.e., Γ = 6.17Γ 0 . The jury remains out as to whether the observed excess would best correspond to a wide or narrow resonance. Taking these representative numerics, we show the production rates for a 750 GeV graviton first KK state with subsequent decays into SM final states at the √ s=8 and 13 TeV LHC in Table II . We find that the 8 TeV diphoton production rate is 1.18 fb, which is consistent with observations by CMS [5] . In particular, the observed ratio of cross sections at M γγ = 750 GeV for the CMS spin-2 analysis is σ 13 /σ 8 = 4.2, agreeing with our result. A clear prediction of this scenario is the existence of of 750 GeV resonance in dijets, ZZ, W W , hh, bb and tt final states. The current bounds on a 750 GeV resonance in these various final states are collected in Ref. [8] , and we see from this reference that our predicted rates are well within these constraints at both energies. Clearly it is possible that a 750 GeV G 1 resonance may be observed in additional channels with enough luminosity. As a simple example, the total event rate for the ZZ final state is shown in Fig. 2 for 10 fb −1 , in comparison to the SM background. We see that the graviton signal should be observable above the SM background. Of course incorporating realistic branching fractions, efficiencies and selection cuts would increase the required luminosity to observe this peak; this result is meant only to be suggestive and a detailed study incorporating these effects should be performed but is beyond the scope of the present work. However, we note that analyses from Run I have confirmed that boosted jet techniques can yield high efficiencies in the all hadronic channel, which would boost statistics.
A necessary signal for a graviton KK tower is the observation of more than one KK state. In our numerical example, the second KK graviton, G 2 , has a predicted mass of 1233 GeV. Unfortunately, this state has a much smaller production cross section due to falling parton densities, a smaller value for λ 2 and the fact that δ 2 0.04 which, together imply a significantly smaller G 2 → gg partial width by roughly a factor of ∼ 50. For this value of δ 2 , Fig. 1 further implies that this state essentially decays only to IR-brane fields and does not produce a sizable diphoton signal.
There still remains an issue with this scenario: the
FIG. 2:
ZZ invariant mass distribution in the neighborhood of the 750 GeV KK graviton resonance. The red (black) points correspond to the graviton (SM) event rate.
lightest set of gauge KK states (collectively called A 1 here) have masses below G 1 , even when these fields have their own brane terms [18] . As stated above, in the absence of BLKTs the mass of the A 1 is constrained to lie above ∼ 3 − 4 TeV from precision electroweak and FCNC constraints, as well as by direct searches. However, the existence of BLKTs can substantially reduce the severity of these bounds as they modify the mass spectrum and couplings of the gauge KK states, particularly the couplings to IR-brane localized fields. In our calculations, we take the gauge kinetic terms to be equal, i.e., δ 0 = δ π , for numerical simplicity. The top panel of This scenario avoids potential precision constraints as follows: (i) the vev of the Higgs field localized on the IRbrane induces mixing between the gauge fields in the KK tower which subsequently results in a shift in the masses of the W and Z bosons, i.e., a non-trivial ρ parameter. This effect on the W and Z masses is completely captured by the parameter [20] 
, where g n , M n are the gauge KK couplings to IR-brane fields and the gauge KK masses respectively. For the range of δ π considered above, especially for the more negative values, it is simple to obtain values of V ∼ (1 − 5) × 10 −4 , or even less, thus suppressing this source of conflict with precision measurements. The presence of a further custodial symmetry would reduce these ef-fects by even larger factors. (ii) A second potential constraint is the introduction of large corrections to the Zbb vertex which can arise from two sources: KK excitations of t−, b−quarks, which are absent in our scenario, and large KK gauge couplings to t, b appearing in loops. As we can see from the Figure, these couplings are now highly suppressed by the BLKTs. (iii) A third issue is FCNC constraints which arise when the gauge KK couplings are both significant and generation dependent. However, if the third generation coupling to the lightest gauge KK are suppressed to ∼ 1/10 their SM value or less and the first and second generation fermions live at ν = −c < ∼ −0.5 so that their couplings are similarly suppressed, this issue is ameliorated as all couplings are now both small and roughly equal [12] . (iv) Lastly, the substantial suppression of the gauge KK couplings to all of the fermions helps us to avoid any constraints that might arise from direct searches, e.g., the potential dilepton signal is reduced by factors of ∼ O(10 3 ). We note that we have not invoked the influence of potential fermionic brane terms which can used to further suppress any potentially dangerous fermionic couplings.
A potential concern is that the presence of δ 0 = δ π = 0 BLKTs would spoil the graviton results which were obtained above in their assumed absence. To address this issue it is sufficient to show that the results obtained above are left unmodified, i.e., the values of γ π and x 5.110 and δ = 0.5 vary by less than 0.01% in comparison to the case without BLKTs. Thus the graviton results obtained above are robust for a wide range of interesting values of the gauge BLKTs. Of course solutions can also be obtained when the equality of δ 0 and δ π is no longer assumed.
In conclusion, we examined the scenario of a warped extra dimension containing bulk SM fields in light of the observed diphoton excess at 750 GeV. We demonstrated that a bulk spin-2 graviton whose action contains localized kinetic brane terms is compatible with the excess, while being consistent with all other constraints. BLKTs for the gauge fields do not alter these results and, together with appropriate fermion localizations and a possible additional custodial symmetry allow these KK states to remain quite light. The typical value of Λ π is found to lie in the region ∼ 5 TeV, relevant to the gauge hierarchy. The 750 GeV signal should eventually be observable in other channels and we look forward to future data.
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